Abstract. In this work a new algorithm is proposed for auto focusing and images fusion captured by microscope´s CCD. The proposed algorithm for auto focusing implements the spiral scanning of each image in the stack f (x, y) w to define the V w vector. The spectrum of the vector FV w is calculated by fast Fourier transform. The best in-focus image is determined by a focus measure that is obtained by the FV 1 nonlinear correlation vector,of the reference image, with each other FV w images in the stack. In addition, fusion is performed with a subset of selected images f(x, y) SBF like the images with best focus measurement. Fusion creates a new improved image f(x , y) F with the selection of pixels of higher intensity.
INTRODUCTION
At present, most of the imaging systems have an autofocus function. The aim is to geta high quality image with a minimum of manual processes with the most similar characteristics possible to the real scene and also gather sufficient information for analysis. There are different autofocus algorithms for imaging quality [1] [2] [3] [4] [5] [6] . One of the best autofocus system can be found in [6] , where the system is applied to an optic microscope. In this paper a modified algorithm is proposed following the main ideas given by Bueno, et al. [6] .
In this work the nonlinear correlation is applied to obtain information on the similarity between the reference image and other images of the stack. The nonlinear correlation has the advantage that the correlation peak is well located and the output plane is less noisy [7] ,which provides an ability to discriminate between the best in-focus and less focused image in the stack of images.
METHODOLOGY

Getting Images Stack
The images used for testing the algorithms were captured by a CCD camera Leica model DC-300 with a working resolution of 2088x1550 pixels. This camera is integrated on a Leica DM-RXA2 with motorized stage for X/Y and Z displacements. The capture method was to establish a fixed position of the stage in X/Y and effecting a vertical displacement at Zto obtain a stack of images at different focal distances from a single sample [4] . The stack is made by W images f 1 , f 2 , f 3 ,..., f w captured in z increment in the direction of the Z axis of the microscope by means of the CCD, each image of size NxM. Letf (x, y) w be the captured digital image with pixels (x, y) of the w-th image in the stack of images, where x = 1, …, N; y = 1, ..., M; w = 1, ..., W; (Fig. 1) , (Fig. 2a) . 
Determining Vector Image by Spiral scanning
It is required to analyze each one of the images in the stack to determine the ones best in-focus, this process requires time and computational resources. By this way, each image is converted into a vector containing a subset of pixels representative of total image.
In this work is proposed a spiral scanning of the image (Fig. 2b) , (Fig.3 ). This scan select the subset of pixels that make up the vector Vw of image f(x,y) w . The spiral scanning algorithm is described by:
whereXandYare vectors containing the positionx and yrespectively in the image (Fig. 2b) .The parameter t determines the rotation of the spiral, n is the scaling factor that determines the size of the spiral and L is related to the size of the image andhas a value of where l is the length of the image. The vectorsV 1 , V 2 ,…,V w are defined by
whereX j and Y j determine which pixel (x, y) j of imagef(x. y) w will be included in the vector V w .Rounding function is applied to the results of the equations (1) and (2).X and Ycorrespond to the position of one pixel in the image and they must be positive integers. (Fig. 3) shows the scanning pattern. The axis values forXand Yare given by Eqs. (1) and (2).These two variables perform the V w vector for each image. 
Spectrum Vector Image Applying Fourier Transform
When eachV w vectors has been calculated for each image in the stack, the reference image is taken like the vector V 1 , which corresponds to the less focused image. The spectrum is obtained for each one of V w vectors (Fig.  2c) .Applying to each vectorV w the FFT with non-linear filter [7] , the spectrum is obtained: 
Determining the Best In-focus Image using Nonlinear Correlation
Afocusmeasure is required to determine the best in-focus image (Fig. 4a) . The best focused is calculated by NL C nonlinear correlation between the spectrum of the reference vector FV 1 and each FV W spectra vectors representing each one of the images in the stack. The nonlinear correlation maximum value for each pair of vectors is given by: (5) where θ is the phase of the reference image and ϕ is the phase for each image in the stack.
If nonlinear correlation is near to 1.0 then there is a strong correlation i.e. there are similarities between vectors. If the value obtained is close to 0.0 then there is no correlation between the vectors, the intensity of association is low.There will be a low correlation when a comparison is taken account with the spectrum vector of the reference image represented by FV 1 , which is coming from the image with out-of-focus image (Fig. 5a) , versus thespectrum vector of the image with the best in-focus , .Therefore the best in-focus image will be the maximum value of the difference between the unit and NL C , then the factor is d = 1− NL C .
FIGURE4.
Where d is 1− NL C the best in-focus imageis imagenumber 32.
Fusion of the Best In-focus Images
Once you have chosen the best in-focus imagef(x, y) BF , we proceed to obtain a new image of better quality by fusion. Images that have to be fused are those near the best focus measure values. The time versus the scanning factor is linear. Let f(x, y) SBF be a subset of images to be fusioned with f(x, y) BF for obtain the new enhanced image, (Fig. 5b) .A high passing parabolic filter that enhances those elements with highest levels of intensity is applied to each of the images of the subset 
CONCLUSIONS
This proposal led to improved execution time O(n)in autofocus and image fusion obtained by an automated microscope, selecting the best in-focus image was accurate and could get better picture quality in the fusion process.
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